ratios from 1 to 4 in steps of one in order to optimize these parameters. X-ray diffraction (XRD) was used for analyzing the films structure, Raman Spectroscopy for assessing the films quality 
Introduction
There are several binary earth abundant semiconductor materials such as SnS, SnSe, Cu2S, ZnS, etc. well suited to be used as new photovoltaic materials for making cheaper and more efficient solar cells. Tin monosulfide (SnS), which belongs to IV-VI group semiconductors, has recently focused the attention of many researchers because of its appropriate optoelectronic properties for photovoltaic applications. It has a direct band gap near to 1.3 eV [1] , which is close to optimal band gap (1.5 eV) of solar cells and has high absorption coefficient (α >10 4 cm -1 ) [2] .
Further all components of SnS are abundant, cost-effective and less toxic compared to the cadmium of CdS or lead in the PbS thin films. SnS has also p-type electrical conductivity and it has a theoretical high efficiency greater than 24% [3] . However, nowadays despite many efforts, solar cells based on SnS absorber have only achieved conversion efficiency about 1.3 % [4] . Recent studies based on numerical simulations of SnS/CdS solar cells predicts that using the optical and electrical characteristics of SnS thin films available in the literature photoconversion efficiencies of about 10 % will be obtained [5] . This low performance in both experimental and simulated photovoltaic devices may be due to impurities and/or defects in SnS layers that result from the preparation methods used to make the thin films for cell fabrication. Even though, SnS is a potential candidate for use as absorber material in thin films photovoltaic solar cells as the optoelectronic properties of the material improves.
Tin monosulfide has been prepared using various techniques like Successive Ionic Layer Adsorption and Reaction (SILAR) [6] , Chemical Bath Deposition (CBD) [7] , Electrochemical Deposition (ECD) [8] , Atomic Layer Deposition (ALD) [9] , Chemical Spray Pyrolysis (CSP) [10] etc. Chemical Spray Pyrolyis (CSP) was used in this study because it has some advantages over the others methods to prepare semiconductor thin films because it is a simple and low cost technique. In additional it is suitable for industrial scale production. 
Films characterization
Structural properties were characterized by means X-ray diffraction (XRD) measurements with a Rigaku Ultima IV diffractometer at the Bragg-Brentano (-2) configuration and using CuKα radiation (1.5418 Å). Structural properties were also characterized by Raman scattering measurements performed with a LabRAM HR UV spectrometer coupled to a Peltier-cooled CCD camera and using a 632.81 nm laser excitation line with 3 cm -1 spectral resolution.
The surface morphology and microanalysis using energy dispersive X-ray spectroscopy (EDS) were obtained on a Jeol-JSM6300 operating at 20 kV as well as by means of an atomic force microscopy (AFM) study was done using a Bruker Multimode 8 AFM Nanoscope V controller.
Optical properties were monitored by transmittance using a Deuterium-Halogen lamp (DT-MINI-2-GS Micro Park) in association with a 500 mm Yvon-Jobin HR460 spectrophotometer using a back-thinned Si-CCD detector (Hamamatsu) optimized for the UV-VIS range.
Result and Discussion

X-Ray Diffraction
The 
Raman spectroscopy
Raman spectroscopy is very important tool for studying semiconductor films structure and was used to determine second phase like SnS2, Sn2S3, SnO or SnO2 in our films. Raman spectra of SnS thin films recorded in the range of 80-350 cm -1 are shown in Figure 2 . Raman modes located at 88, 107, 170 and 193 cm -1 confirm that only the SnS phase is present in our films and any other secondary phases were observed [11] [12] .
Surface Morphology measured by SEM
SEM is one of the predominant techniques to survey the surface of the films. 
Surface Topography measured by AFM
AFM is a technique for analyzing in order to achieve a direct insight into surface topography features of films. It was used to study the evolution and the developpement of the morphological while when the concentration of sulphur increases the coalescence and large grains increase grains boundaries which were the cause of the increase of the roughness. Table 2 given by XRD is explained by the fact that a grain was formed by several crystallites
Energy Dispersive Spectroscopy Analysis (EDS)
The Energy Dispersive X-ray Spectroscopy (EDS) is a powerful technique to analyze the chemical composition of samples based of X-ray emitted by the atoms of elements in the sample. From the Table 3 we noted that all films contain only tin (Sn) and sulphur (S) and when the ratio increases the stoichiometry improved with best S/Sn ratio in films was obtained for Figure 5 shows the optical transmission spectra of SnS thin films with various ratios in the wavelength region of 500-1000nm. In the wavelength between 500 to 650 nm transmittance, all films exhibited very low transmittance which was close to 0% and the transmittance increases rapidly after 650 nm. The higher transmittance observed was 43%. The low transmittance in the visible region shows clearly that SnS thin films are absorber layers. ratios.
Optical properties
The increase of the band gap energies of our samples, compared to pure SnS thin film which has a band gap of 1.3 eV [1] , is due to the incorporation of oxygen into samples. Assuming that the variation of band gap energy of SnS1-xOx increases linearly with the augmentation of oxygen content, one plot a calibration curb in order to determine the amount of oxygen contended in our samples by considering as limit values band gap energies 1.3 eV for SnS layer and 2.7 eV 33±2% using 3.4 eV and 2.7 eV, respectively, as band gap energy references for SnO. As SnS films are sprayed in air the presence of oxygen in the sprayed layers are unavoidable.
Conclusion
Tin mono-sulfide (SnS) thin films have been deposited onto simple glass substrate by chemical spray pyrolysis. All deposited films are identified to be SnS polycrystalline with orthorhombic structure with (111) preferential peak for ratio equal to one while when the ratio increases from 2 to 4 the main peak becomes (101) and the (111) 
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